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@  Modified  polyolefin  and  procedure  for  its  manufacture,  and  its  use. 

©  A  modified  polyolefin  contains  1  to  99%  polyolefin,  mixed 
polymer  or  mixture  of  polyolefin  and  99  to  1  %  polyvinyl  alcohol 
or  its  mixed  polymer,  and  aforementioned  polyolefin  compo- 
nent  and  polyvinylalcohol  component  are  partly  or  totally 
chemically  bound  to  each  other.  To  the  polyolefin  chain  there 
is  copolymerized,  grafted  or  otherwise  chemically  joined  a 
chemical  compound  which  reacts  chemically  with  polyvinylal- 
cohol.  The  chemical  compound  joined  to  the  polyolefin  chain  is 
suitably  a  silane  or  alkoxysilane. 
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The  i n v e n t i o n   t e a c h e s   t h e   m a n u f a c t u r e   of  a n  

o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   by  c h e m i c a l l y  

j o i n i n g   p o l y v i n y l a l c o h o l   (PVA)  to  p o l y o l e f i n ,   f o r  

i n s t a n c e   by  g r a f t i n g   s i l a n e   to  a  p o l y o l e f i n   a n d  

c o n d e n s i n g   t h e   s i l a n e   w i t h   t he   h y d r o x y   g r o u p s   o f  

p o l y v i n y l a l c o h l   or  a  m i x e d   p o l y m e r   t h e r e o f .   In  t h i s  

way,   b r a n c h e d   p o l y m e r   m o l e c u l e s   a r e   o b t a i n e d   w h i c h  

c o n s i s t   of  p o l y o l e f i n   b r a n c h e s   ( n o n - p o l a r )   a n d  

p o l y v i n y l a l c o h o l   b r a n c h e s   ( p o l a r ) .   An 

o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   p o s s e s s e s  

p r o p e r t i e s   b o t h   of  t h e   p o l y o l e f i n   and  o f  

p o l y v i n y l a l c o h o l .   I t   can  be  m a c h i n e d   by  a l l   p o l y o l e f i n  

m a c h i n i n g   m e t h o d s ,   and  t he   p r o d u c t   is  b o t h   w a t e r - t i g h t  

( p o l y o l e f i n )   and  t i g h t   a g a i n s t   gas   and  o i l  

( p o l y v i n y l a l c o h o l .   I t   is  m o r e o v e r   p o s s i b l e   by  t h i s  

p r o c e d u r e   to  i n c r e a s e   t h e   m o l e c u l a r   w e i g h t   of  t h e  

p o l y m e r   ( t o   l o w e r   t h e   m e l t   i n d e x )   s u b s t a n t i a l l y   w i t h o u t  

r i s k   of  c r o s s - l i n k i n g .   S i n c e   t he   o l e f i n / v i n y l a l c o h o l  

s e g m e n t   p o l y m e r   is  b o t h   p o l a r   and  n o n - p o l a r   a t  t h e   s a m e  

t i m e ,   i t   can  a l s o   be  u s e d   as  a  s o - c a l l e d   e m u l s i f i e r  

p o l y m e r   in  p l a s t i c   a l l o y s   c o n s i s t i n g   of  p o l a r   as  w e l l   a s  



n o n - p o l a r   c o m p o n e n t s ,   or  an  a d h e s i o n   l a y e r   in  m u l t i - p l y  

p r o d u c t s   c o n s i s t i n g   of  p o l a r   p l i e s ,   or  m e t a l   a n d  

n o n - p o l a r   p l i e s .  

At  p r e s e n t ,   an  e t h y l e n e / v i n y l a l c o h o l   r andom  m i x e d  

p o l y m e r   i s  m a n u f a c t u r e d   by  h y d r o l y s i n g   a n  

e t h y l e n e / v i n y l a c e t a t e   r andom  mixed   p o l y m e r .   H y d r o l y s i s  

( a l c o h o l y s i s )   is   e f f e c t e d   w i t h   t he   a i d   of  a l c o h o l ,   a n d  

t h e   m i x t u r e   may  be  e i t h e r   a c i d   or  b a s i c ,   and  t h e  

h y d r o l y s i s   may  be  c a r r i e d   ou t   in  t h e   s o l i d   s t a t e ,   in  t h e  

m o l t e n   s t a t e   o r  i n   s o l u t i o n .   T h e r e   i s   m u l t i t u d e   o f  

p a t e n t s   c o n c e r n i n g   t h i s   p r o c e d u r e  f o r   m a n u f a c t u r i n g  

e t h y l e n e / v i n y l a c o h o l   r a n d o m   p o l y m e r s ,   a  summary   of  t h e m  

b e i n g   f o u n d   in  t h e   a r t i c l e   " R e c t i v i t y   of  E t h y l e n e   V i n y l  

A c e t a t e   C o p o l y m e r s :   A  C r i t i c a l   E v a l u a t i o n   of  t h e  

C o m p r e h e n s i v e   P a t e n t   L i t e r a t u r e   on  t he   A c e t o x y - H y d r o x i d e  

T r a n s f o r m a t i o n   of  E t h y l e n e   V i n y l   A c e t a t e   C o p o l y m e r s " ,  

R . J .   K o o p m a s ,   R .  v a n   de r   L i n d e n   and  E . F .   V a n s a n t ,  

P o l y m e r   E n g i n e e r i n g   and  S c i e n c e .   J u l y   1982 ,   Vol  22,   N o .  

10,  p.  645 .   A l l   t h e s e   p r o c e d u r e s   a r e   b a s e d   o n  

h y d r o l y s i s   of  t he   a c e t a t e   g r o u p   to  g i v e   an  a l c o h o l  

g r o u p ,   and  t h e r e   is  no  m e n t i o n   of  any  s e g m e n t   m i x e d  

p o l y m e r s .   C o m m e r c i a l   e t h y l e n e / v i n y l a l c o h o l   r andom  m i x e d  

p o l y m e r s   a r e   of  two  k i n d s .   B r a n d s   c o n t a i n i n g   20  to  30  

mol-%  of  v i n y l a l c o h o l   a r e   m a r k e t e d   and  t h e i r   use   i s  

m a i n l y   f o r   d i e   p r e s s i n g   and  f o r   p o w d e r   c o a t i n g   of  s t e e l  

t u b i n g   ( " L e v a s i n t "   by  B a y e r ,   and  " M i r a w i t h e n "   by  VEB 



L e u n a - W e r k e   W a l t e r   U l b r i c h t ) .   T h e s e   b r a n d s   a r e   m a d e  

f rom  e t h y l e n e / v i n y l a l c o h o l   r a n d o m   mixed   p o l y m e r  

m a n u f a c t u r e d   by  a  h i g h   p r e s s u r e   t e c h n i q u e .   A l s o  

c o m m e r c i a l l y   a v a i l a b l e   a r e   b r a n d s   c o n t a i n i n g   60  to  8 0  

mol-%  v i n y l a l c o h o l ,   w h i c h   a r e   m o s t l y   u s e d   f o r   g a s - t i g h t  

l a y e r s   in   m u l t i - p l y   p r o d u c t s   (EVAL  by  K u r a r a y ,   a n d  

S o a r n o l   by  N i p p o n   G o h s e i ) .   T h e s e   b r a n d s   a r e  

m a n u f a c t u r e d   by  a d d i n g   e t h y l e n e   to  t h e   p o l y v i n y l   a c e t a t e  

p r o c e s s   and  h y d r o l y s i n g   t h e   p r o d u c t   in  t h e   same  m a n n e r  

in  w h i c h   p o l y v i n y l a l c o h o l   (PVA)  is   made  f r o m  

p o l y v i n y l a c e t a t e .   If  t h e r e   is   l e s s   t h a n   60  m o l - %  

v i n y l a l c o h o l ,   t he   g a s - t i g h t n e s s   of  t he   p r o d u c t   goes   d o w n  

a b r u p t l y .   When  t he   e t h y l e n e / v i n y l a l c o h o l   r a n d o m   m i x e d  

p o l y m e r   c o n t a i n s   more  t h a n   60  mol-%  v i n y l a l c o h o l ,   i t  

f o r m s   m o n o c l i n i c   c r y s t a l s   ( t h e   same  as  PVA),  and  w h e n  

t h e r e   is   l e s s   t h a n   20  mol-%  v i n y l a l c o h o l ,   i t   f o r m s  

r h o b m i c   c r y s t a l s   ( t h e   same  as  p o l y e t h y l e n e ) .   B e t w e e n  

t h e s e   c o n t e n t s ,   a  m ixed   c r y s t a l   s t r u c t u r e   i s   d e n s e  

e n o u g h   to  be  a p p l i c a b l e   as  a  b a r r i e r   p l a s t i c .  

I t   i s   p o s s i b l e   to  p r o d u c e   s i l i c o n e s   f rom  s i l a n e s   b y  

p o l y c o n d e n s a t i o n   bu t   in  a d d i t i o n ,   s i l a n e s   a r e   u s e d   n  t h e  

p l a s t i c   i n d u s t r y   a l s o   as  c o u p l i n g   a g e n t s ,   a s  

c r o s s l i n k i n g   a g e n t s   and  to  i m p r o v e   a d h e s i o n .   T h e  

c o u p l i n g   a g e n t   i d e a   is  b a s e d   on  c a u s i n g   t h e   h y d r o x y l  

g r o u p s   on  t h e   s u r f a c e   of  a  p i g m e n t   or  f i l l e r   to  c o n d e n s e  

w i t h   a  s i l a n e ;   t he   c h e m i c a l   c o m p o s i t i o n   of  t he   s u r f a c e  



i s   t h e r e b y   c h a n g e d   to  be  s u c h   t h a t   i t   w e t s   t h e   p l a s t i c ,  

is   a d m i x e d   w i t h   i t   or  p o s s i b l y   r e a c t s   c h e m i c a l l y   w i t h  

t h e   p l a s t i c .   The  m i s c i b i l i t y   of  f i l l e r   and  p l a s t i c ,   t h e  

a d h e s i o n   b e t w e e n   them  and  t he   p r o p e r t i e s   b o t h   of  t h e  

m o l t e n   and  s o l i d   p l a s t i c   m i x t u r e   a r e   i m p r o v e d   in  t h i s  

way.   I t   i s   a l s o   p o s s i b l e   to  c r o s s - l i n k ,   f o r   i n s t a n c e ,  

p l y e t h y l e n e   w i t h   a  s i l a n e   in  t he   m a n n e r   so  t h a t  

u n s a t u r a t e d   a l k o x y s i l a n e   is   g r a f t e d ,   w i t h   t h e   a i d   o f  

p e r o x i d e   or  of  e l e c t r o n   r a d i a t i o n ,   to  t he   p o l y e t h y l e n e  

c h a i n ,   w h e r e a f t e r   t h e   s i l a n e   g r o u p s   a r e   a l l o w e d   t o  

u n d e r g o   h y d r o l y s i s   and  to  c o n d e n s e   w i t h   t he   a i d   of  w a t e r  

and  of  a  c o n d e n s a t i o n   c a t a l y s t .   T h e r e   i s   an  a b u n d a n c e  

of  p a t e n t s   and  p a t e n t   a p p l i c a t i o n s   d e a l i n g   w i t h   t h i s  

t e c h n i q u e .   G r a f t i n g   may  a l s o   be  a c h i e v e d   w i t h   s i l y l  

p e r o x i d e   ( A k z o ) ,   or  t he   u n s a t u r a t e d   s i l a n e   may  be  a d d e d  

as  a  comonomer   a t   t h e   p o l y m e r i z i n g   s t e p  a l r e a d y  

( M i t s u b i s h i ) .   Wi th   a  s i l a n e   i t   is   a l s o   p o s s i b l e   t o  

i m p r o v e   t h e   a d h e s i o n   e . g .   b e t w e e n   p l a s t i c   and  m e t a l ,   o r  

b e t w e e n   n o n - p o l a r   p l a s t i c   and  p o l a r   p l a s t i c ,   i n  

m u l t i - p l y   p r o d u c t s   ( N e s t e ) .  

P o l y v i n y l a l c o h o l   (PVA)  is   m o s t l y   u s e d   as  a 

d i s p e r s i n g   a g e n t   in  PVC  s u s p e n s i o n   p o l y m e r i z i n g ,   and  b y  

r e g u l a t i n g   t h e   m o l e c u l a r   w e i g h t   of  t he   PVA  and  i t s  

d e g r e e   of  h y d r o l y s i s   one  is   e n a b l e d   t o  r e g u l a t e   t h e  

p r o p e r t i e s   of  t h e   PVC.  When  PVA  has  a  h i g h   e n o u g h  

d e g r e e   of  h y d r o l y s i s ,   i t   is   w a t e r - s o l u b l e .   T h i s  



w a t e r - s o l u b i l i t y   and  d i f f i c u l t   m a c h i n g   r e s t r i c t   t h e   u s e  

of  PVA  in  t h e   p l a s t i c s   i n d u s t r y .   Dry  PVA  is   i n t e r e s t i n g  

in  i t s e l f   b e c a u s e   i t   has  e x c e l l e n t   b a r r i e r   p r o p e r t i e s  

( g a s - t i g h t ) .   W i t h   a  v i e w   to  e l i m i n a t i n g   t h e s e  

d r a w b a c k s ,   t h e   e t h y l e n e / v i n y l a l c o h o l   r a n d o m   m i x e d  

p o l y m e r   (EVAL)  has  b e e n   d e v e l o p e d .   H o w e v e r ,   t h e  

g a s - t i g h t n e s s   of  EVAL  is   d e p e n d e n t   on  m o i s t u r e ,   and  i t  

is   t h e r e f o r e   n e c e s s a r y   to  p r o t e c t   t he   EVAL  f i l m   a g a i n s t  

a i r   h u m i d i t y ,   f o r   i n s t a n c e   w i t h   a  p o l y e t h y l e n e   f i l m   o n  

b o t h   s i d e s .   M o r e o v e r ,   EVAL  d o e s   no t   a d h e r e   t o  

p l y e t h y l e n e   as  i t   i s :   an  a d h e s i o n   p l a s t i c   ( e . g .   A d m e r )  

has  to  be  u s e d   b e t w e e n   t h e s e   c o m p o n e n t s   in  a d d i t i o n .   I t  

i s ,   h o w e v e r ,   a  f a c t   t h a t   s u c h   a  f i v e - p l y   c o e x t r u s i o n  

d e s i g n   is   h i g h   e x a c t i n g   and  e x p e n s i v e ,   and  EVAL  a n d  

a d h e s i o n   p l a s t i c s   a r e   l i k e w i s e   v e r y   e x p e n s i v e .  

EVAL  may  a l s o   be  a d m i x e d   w i t h   p l a s t i c ,   and  i t   i s  

t h e n   l e s s   s e n s i t i v e   to  m o i s t u r e .   For  i n s t a n c e ,   EVAL  i s  

a d m i x e d   w i t h   p o l y e t h y l e n e   t e r e p h t h a l a t e   (PET) ,   and  i n  

t h i s   way  b o t t l e s   w i t h   b e t t e r   g a s - t i g h t n e s s   can   b e  

p r o d u c e d   t h a n   by  t he   a i d   of  c o e x t r u s i o n  

( E a s t m a n - K o d a k ) .   EVAL  may  a l s o   be  a d m i x e d   w i t h  

p o l y o l e f i n s ,   w h e r e b y   a d e q u a t e   g a s - t i g h t n e s s   is   o b t a i n e d  

(a  30  to  50%  a d d i t i o n   of  EVAL  is   e q u i v a l e n t   to  t h e  

t i g h t n e s s   of  p o l y a m i d e )   and ,   a t   t he   same  t i m e ,   a d h e s i o n  

to  p o l y o l e f i n s   (no  a d h e s i o n   p l a s t i c   r e q u i r e d )   ( N e s t e ) .  



The  a b o v e - m e n t i o n e d   m i x t u r e s   a r e   m a c r o - m i x t u r e s .   Two 

p h a s e s   a r e   p r o d u c e d ,   and  f o r   t h i s   r e a s o n   t he   p r o d u c t s  

a r e   no t   t r a n s p a r e n t .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   i t   has  b e e n  

f o u n d ,   among  o t h e r   t h i n g s ,   t h a t   a  s i l a n e   w h i c h   has  b e e n  

g r a f t e d   to  or  c o p o l y m e r i z e d   w i t h   a  p o l y o l e f i n   c h a i n  

r e a c t s   w i t h   p o l y v i n y l a l c o h o l   or  w i t h   i t s   mixed   p o l y m e r .  

T h i s   r e a c t i o n   t a k e s   p l a c e   w i t h o u t   p r e s e n c e   of  w a t e r   a n d  

w i t h o u t   c o n d e n s a t i o n   c a t a l y s t   ( F i g .   1 ) .   When  t h e  

r e a c t i o n   t a k e s   p l a c e   in  a  d ry   mix ,   no  c r o s s - l i n k i n g  

o c c u r s :   t h e   p o l y o l e f i n   m o l e c u l e   and  t h e  

p o l y v i n y l a l c o h o l   m o l e c u l e   c o m b i n e   w i t h   t h e   a i d   o f  

s i l a n e .   M i x i n g   and  r e a c t i o n   t a k e   p l a c e   a t   t h e  

m i c r o - l e v e l   ( t h e   m o l e c u l a r   l e v e l ) ,   and  f o r   t h i s   r e a s o n  

t h e r e   is   o b t a i n e d   a  t r a n s p a r e n t ,   c o m p l e t e l y   new  p l a s t i c ,  

an  o l e f i n / v i n y l a l c o h o l   s e g m e n t   mixed   p o l y m e r   ( F i g .   2 ) .  

As  p o l y o l e f i n ,   t h e r e   may  be  u s e d   h i g h   p r e s s u r e  

p o l y e t h y l e n e   (LDPE).   low  p r e s s u r e   p o l y e t h y l e n e   (HDPE,  

MDPE,  LLDPE),   p o l y p r o p y l e n e   ( P P ) ,   p o l y - 1 - b u t y l e n e   ( P B ) ,  

p o l y - 4 - m e t h y l - l - p e n t e n e   (TPX)  or  o t h e r   p o l y o l e f i n  

p l a s t i c s ,   r u b b e r s   or  a d d i t i v e s .   I t   is   a l s o   p o s s i b l e   t o  

u s e   m i x e d   p o l y m e r s ,   m i x t u r e s   or  h o m o p o l y m e r / m i x e d  

p o l y m e r   m i x t u r e s   of  t he   p o l y m e r s   m e n t i o n e d .   A c c o r d i n g  

to  t he   i n v e n t i o n ,   t he   s i l a n e   may  be  g r a f t e d   u s i n g   a  

p e r o x i d e ,   u s i n g   an  e l e c t r o n   r a d i a t i o n   or  by  a n o t h e r  

e x p e d i e n t ,   or  i t   may  be  an  u n s a t u r a t e d   s i l a n e   a d d e d   as  a  



comonomer   a t   t he   p o l y m e r i z i n g   s t e p ,   s u c h   a s  

v i n y l t r i m e t h o x y - s i l a n e ,   v i n y l t r i e t h o x y s i l a n e ,  

v i n y l - t r i s ( b e t a m e t h o x y e t h o x y ) s i l a n e   or  g a m m a -  

m e t h a c r y l o x y p r o p y l t r i m e t h o x y s i l a n e .   The  g r a f t i n g   may  

a l s o   be  c a r r i e d   ou t   u s i n g   s i l y l p e r o x i d e .   A c c o r d i n g   t o  

t he   i n v e n t i o n ,   t h e   p o l y v i n y l a l c o h o l   may  be  of  t h e   b r a n d s  

commonly   u s e d   in  s u s p e n s i o n   p o l y m e r i z i n g   PVC,  w h i c h   m a y  

be  c o m p l e t e l y   or  p a r t i a l l y   ( w i t h   v i n y l a c e t a t e   a s  

c o m o n o m e r )   h y d r o l y s e d ;   e t h y l e n e / v i n y l a l c o h o l   r a n d o m  

mixed   p o l y m e r ,   or  e q u i v a l e n t   p a r t l y   h y d r o l y s e d  

t e r p o l y m e r ;   or  any  o t h e r   p o l y m e r   c o n t a i n i n g   b e t w e e n   0 . 5  

and  100%  by  w e i g h t   v i n y l a l c o h o l .  

The  o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   may  b e  

p r e p a r e d   u s i n g   1  to  99%  by  w e i g h t   p o l y o l e f i n ,   99  to  1% 

by  w e i g h t   p o l y v i n y l a l c o h o l   and  10%  by  w e i g h t   s i l a n e ,  

c a l c u l a t e d   on  the   p o l y o l e f i n ,   and  t he   p e r o x i d e   q u a n t i t y  

r e q u i r e d   f o r   g r a f t i n g   ( e . g .   0 . 0 1   to  0.5%  by  w e i g h t  

d i c u m y l p e r o x i d e ,   c a l c u l a t e d   on  t he   p o l y o l e f i n )   o r  

a n o t h e r   r a d i c a l   f o r m e r .   A l l   c h e m i c a l   c o m p o n e n t s   t h a t  

a r e   r e q u i r e d   may  be  a d d e d   in  a  m e l t   m i x e r   ( B a n b u r y  

m i x e r ,   C o n t i n u o u s   m i x e r ,   Buss   K o k n e a d e r ,   e t c . )  

s i m u l t a n e o u s l y   in  t he   fo rm  of  a  d ry   mix ,   p r e m i x e d   a n d  

g r a f t e d   in  s o l i d   fo rm  or  in  m o l t e n   f o r m ,   or  t h e  

s i l a n e / p e r o x i d e   mix  and  t he   p o l y v i n y l a l c o h o l   may  b e  

s e p a r a t e l y   a d d e d .   The  main   r e q u i r e m e n t   is  t h a t   a d d i t i o n  

of  t h e   c o m p o n e n t s   t a k e s   p l a c e   u n d e r   s u c h   c o n d i t i o n s   t h a t  



t h e   s i l a n e   f i r s t   b e c o m e s   g r a f t e d   to  t h e   p o l y o l e f i n   a n d  

o n l y   t h e r e a f t e r   r e a c t s   w i t h   p o l y v i n y l a l c o h o l .   T h e  

p o l y v i n y l a l c o h o l   may  be  a d d e d   a f t e r   g r a f t i n g ,   or  t h e  

s i l a n e   g r a f t i n g   may  be  c a r r i e d   ou t   a t   a  t e m p e r a t u r e   a t  

w h i c h   t h e   p o l y v i n y l a l c o h o l   is   no t   m o l t e n .   The  r e a c t i o n  

mix  s h o u l d   be  d ry   so  t h a t   t he   s i l a n e   does   no t   c o n d e n s e .  

T h i s   i m p l i e s ,   in  t h e   f i r s t   p l a c e ,   t h a t   t h e  

p o l y v i n y l a l c o h o l   has  to  be  d r i e d .  

The  o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r  

m a n u f a c t u r e d   as  t a u g h t   by  t he   i n v e n t i o n   may  be  u s e d   a s  

i t   is   in  t h o s e   a p p l i c a t i o n s   w h e r e   e t h y l e n e / v i n y l a l c o h o l  

r andom  mixed   p o l y m e r   is   b e i n g   u s e d .   I t   may  be  u s e d   as  a  

b a r r i e r   l a y e r   in  m u l t i - p l y   p r o d u c t s   s u c h   as  f i l m ,  

b o t t l e s ,   and  o t h e r   p r o d u c t s .   In  c o e x t r u d e d   p r o d u c t s ,  

c o m m e r c i a l   a d h e s i o n   p l a s t i c s   ( e . g .   Admer ,   P l e x a r ,   e t c . )  

may  be  u s e d   f o r   a d h e s i o n   l a y e r s ,   or  t h e y   may  be  o m i t t e d ,  

d e p e n d i n g   on  t h e   p o l y v i n y l a l c o h o l   c o n t e n t   and  on  t h e  

p r o p e r t i e s   of  t he   o t h e r   p l a s t i c   p l i e s .   I t   may  a l s o   b e  

u s e d   in   p o w d e r   c o a t i n g .   The  a d v a n t a g e   of  t h e  

o l e f i n / v i n y l a l c o h o l   s e g m e n t   mixed   p o l y m e r   m a n u f a c t u r e d  

as  t a u g h t   by  t he   i n v e n t i o n   i s   t h a t   i t s   m a n u f a c t u r e   i s  

e x c e e d i n g l y   s i m p l e   and  i n e x p e n s i v e ,   and  t h e   r a w  

m a t e r i a l s   a r e   l i k e w i s e   c o m p a r a t i v e l y   i n e x p e n s i v e ,  

c o m p a r e d   w i t h   c o m m e r c i a l   EVAL.  F u r t h e r m o r e ,   many  k i n d s  

of  raw  m a t e r i a l s   may  be  u s e d ,   f o r   i n s t a n c e   p o l y p r o p y l e n e  

i n s t e a d   of  p o l y e t h y l e n e   and  t he   d e g r e e   of  h y d r o l y s i s   o f  



t h e   p o l y v i n y l a l c o h o l   may  v a r y .   The  v i n y l   a l c o h o l  

c o n t e n t   may  a l s o   be  r e g u l a t e d   w i t h i n   w ide   l i m i t s ,  

c o n s i s t e n t   w i t h   t h e   i n t e n d e d   u se   of  t h e   end  p r o d u c t .  

T h a n k s   to  t h e   s e g m e n t e d   s t r u c t u r e   of  t h e  

o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r ,   good  a d h e s i o n  

to  p o l y o l e f i n s   is   a c h i e v e d   in  c o e x t r u s i o n   (no  need   f o r  

a d h e s i o n   p l a s t i c   as  an  i n t e r v e n i n g   l a y e r ) ,   and  t h e   e n d  

p r o d u c t s   may  be  h o t - s e a m e d   w i t h   t h e m s e l v e s   or  w i t h  

p o l y o l e f i n .   I t   is   t h u s   to  be  u n d e r s t o o d   t h a t   t h e  

o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   can  be  u s e d ,  

as  i t   i s ,   as  an  i n t e r v e n i n g   l a y e r   b e t w e e n   p o l y o l e f i n  

f i l m s   ( t h r e e - p l y   c o e x t r u s i o n )   or  t o g e t h e r   w i t h   a n o t h e r  

p o l a r   p l a s t i c   l a y e r ,   f o r   i n s t a n c e   p o l y a m i d e .   T h e  

o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   i s   b o t h  

g a s - t i g h t   and  w a t e r   v a p o u r - t i g h t ,   and  t h e   g a s - t i g h t n e s s  

is   no t   v e r y   h i g h l y   s e n s i t i v e   to  m o i s t u r e .   I t   may  

f u r t h e r m o r e   be  d i l u t e d   w i t h  p o l y o l e f i n   or  w i t h  

p o l y v i n y l a l c o h o l   a c c o r d i n g   to  w h e t h e r   h i g h e r   w a t e r  

v a p o u r   t i g h t n e s s   or  gas  t i g h t n e s s   is   d e s i r e d .  

F u r t h e r m o r e ,   i t   may  be  m i x e d   w i t h   o t h e r   p o l a r   o r  

n o n - p o l a r   p l a s t i c s   and ,   in  t h i s   way,  t h e i r   b a r r i e r  

p r o p e r t i e s   ( g a s   or  w a t e r   v a p o u r )   may  be  i m p r o v e d   o r  

t h e i r   s u r f a c e   p r o p e r t i e s   may  be  c h a n g e d   ( t o   become  p o l a r  

or  n o n - p o l a r ) .   The  o l e f i n / v i n y l a l c o h o l   s e g m e n t   m i x e d  

p o l y m e r   m a n u f a c t u r e d   as  t a u g h t   by  t h e   i n v e n t i o n   may  a l s o  

be  u s e d   as  a  s o - c a l l e d   e m u l s i f i e r   p o l y m e r   in  p o l y m e r  

m i x t u r e s   and  in  a l l o y s ,   in  w h i c h   c a s e   i t   b e c o m e s  



c o n c e n t r a t e d   b e t w e e n   i m m i s c i b l e   p h a s e s   and  i m p r o v e s   t h e  

a d h e s i o n   b e t w e e n   them  and  t he   u s a b i l i t y   a n d  

m a c h i n a b i l i t y   of  t he   end  p r o d u c t .   By  u s i n g   s i l a n e   i n  

h i g h e r   p r o p o r t i o n   to  t h e   PVA  c o n t e n t ,   t h e   m e l t   i n d e x   c a n  

be  l o w e r e d ,   and  when  t h e   m e l t   i n d e x   of  t h e   p o l y o l e f i n   i s  

low,   v e r y   low  m e l t   i n d i c e s   ( h i g h   m o l e c u l a r   w e i g h t s )   a r e  

r e a c h e d   w i t h o u t   c r o s s - l i n k i n g   in  t he   p r o d u c t .   A  p r o d u c t  

is   o b t a i n e d   w h i c h   has  m o l t e n   and  s o l i d   s t a t e   p r o p e r t i e s  

r e s e m b l i n g   HMW-HDPE.  Such  o l e f i n / v i n y l a l c o h o l   s e g m e n t  

mixed   p o l y m e r s   w i t h   v e r y   h i g h   m o l e c u l a r   w e i g h t   c o u l d   b e  

u s e d   in  a p p l i c a t i o n s   w h e r e   h i g h   m o l t e n   s t r e n g t h   and  g o o d  

m e c h a n i c a l   p r o p e r t i e s ,   and  d u r a b i l i t y   of  t h e   c h e m i c a l s ,  

a r e   r e q u i r e d .   A p p l i c a t i o n s   of  t h i s   k i n d   a r e :   c a b l e  

s h e a t h s ,   t u b e s   and  p i p e s ,   d i e - b l o w n   p r o d u c t s ,   c e r t a i n  

h i g h - s t r e n g t h   d i e - c a s t   p r o d u c t s ,   r o t a t i o n - c a s t   p r o d u c t s ,  

s i n t e r e d   p r o d u c t s .   M u l t i - c o m p o n e n t   p r o d u c t s   may  a l s o   b e  

c o n t e m p l a t e d   b e c a u s e   t he   h y d r o x y l   g r o u p s   of  PVA  h a v e  

good  a d h e s i o n   p r o p e r t i e s   to  m e t a l s ,   c e r a m i c   s u b s t a n c e s .  

f i l l e r s   and  p o l a r   p l a s t i c s ,   e t c . ,   and  w h e n e v e r   r e q u i r e d ,  

t h e s e   a d h e s i o n   c h a r a c t e r i s t i c s   may  be  f u r t h e r   i m p r o v e d  

by  u s i n g   c o u p l i n g   a g e n t s ,   s u c h   as  s i l a n e   f o r   i n s t a n c e .  

In  t h e s e   i n s t a n c e s ,   t o o ,   t h e   t i g h t n e s s   p r o p e r t i e s   of  PVA 

may  be  u t i l i z e d .   I t   wou ld   in  f a c t   be  p o s s i b l e ,   of  s u c h  

an  o l e f i n / v i n y l a l c o h o l   s e g m e n t   m ixed   p o l y m e r   w i t h   v e r y  

h i g h   m o l e c u l a r   w e i g h t ,   to  c o n s t r u c t   a  s t r o n g   and  t i g h t  

p e t r o l   t a n k   f o r   an  a u t o m o b i l e .   The  h i g h   m o l t e n   s t r e n g t h  

and  t h e   h i g h   c r y s t a l l i z i n g   p o i n t   of  PVA  c o u l d   a l s o   b e  



u t i l i z e d   in  m a n u f a c t u r i n g   f o a m e d   p r o d u c t s .   When  PVA 

c r y s t a l l i z e s ,   t he   foam  w i l l   no  l o n g e r   s h r i n k .   T h e  

g a s - t i g h t n e s s ,   h e a t   t o l e r a n c e   and  s t r e n g t h   of  a  PB  t u b e  

c o u l d   be  i m p r o v e d   by  g r a f t i n g   s i l a n e   to  t h e   PB  a n d  

m a k i n g   i t   r e a c t   w i t h   PVA,  or  by  c o e x t r u d i n g   or  m i x i n g  

t h e   PB  w i t h   c o m p l e t e d   o l e f i n / v i n y l a l c o h o l   s e g m e n t   m i x e d  

p o l y m e r .  

By  means   of  t h e   f o l l o w i n g ,   n o n - r e s t r i c t i v e   e x a m p l e s  

s h a l l   be  i l l u s t r a t e d   t he   m a n u f a c t u r i n g   of  t h e  

o l e f i n / v i n y l a l c o l h o l   s e g m e n t   m ixed   p o l y m e r .  

U s i n g   a  Haake   R h e o m i x   4000  m i x e r ,   t h e   f o r m u l a t i o n s  

g i v e n   in  T a b l e s   1  and  3  we re   mixed   f o r   7  m i n u t e s ,   u s i n g  

R o l l e r   r o t o r s ,   s p e e d   85  m i n - 1   and  j a c k e t   t e m p e r a t u r e  

2 0 0 ° C .   A  n i t r o g e n   bed  was  u s e d   d u r i n g   m i x i n g ,   and  t h e  

PVA  was  d r i e d   f o r   12  h r s   a t   80°C,   p r i o r   to  m i x i n g .  



A f t e r   m i x i n g ,   t he   m i x t u r e   was  r o u g h - g r o u n d ,   and  o f  

t h e   g r o u n d   m a t e r i a l   s h e e t s   were   p r e s s e d   a t   200°C .   T h e  

f o l l o w i n g   were   d e t e r m i n e d   by  m e a s u r e m e n t :   m e l t   i n d e x  

(MI ) ,   d e n s i t y   ( ? ) ,   d e g r e e   of  c r o s s - l i n k i n g ,   t e n s i l e  

s t r e n g t h ,   f r a c t i o n   s o l u b l e   in  ho t   5 0 : 5 0  

w a t e r / i s o p r o p a n o l   m i x t u r e ,   i . e . ,   t he   d e g r e e   of  g r a f t i n g  

of  PVA,  and  t he   o x y g e n   p e r m e a b i l i t y   of  a  1 0 0  u   s h e e t  

( T a b l e s   2  and  4 ) .  

In  T a b l e   1  a r e   g i v e n   f o r m u l a t i o n s   w h i c h   c o n t a i n  

f a i r l y   l i t t l e   p o l y v i n y l a l c o h o l ,   and  t h e   q u a n t i t i e s   a n d  

t y p e s   of  c o m p o n e n t s   have   been   s y s t e m a t i c a l l y   v a r i e d .  

T a b l e   2  r e v e a l s   t h a t   by  g r a f t i n g   m o r e  

v i n y l t r i m e t h o x y s i l a n e   (VTMO)  to  LDPE  ( T e s t s   1,  2  and  3 )  

nnp  a c h i e v e s   more  e f f i c i e n t   b i n d i n g   (a  s m a l l e r   s o l u b l e  



p a r t )   of  Mowio l   4 / 8 8   ( P V A - 1 ) .   At  t he   same  t i m e ,  

h o w e v e r ,   t h e   m e l t   i n d e x   (MI)  d e c r e a s e s ,   owing   t o  

i n c r e a s i n g   m o l e c u l e   s i z e .   H o w e v e r ,   t he   d e g r e e   o f  

c r o s s - l i n k i n g   is   r a t h e r   low  a l l   t h e   t i m e ,   and  o x y g e n  

t r a n s m i s s i o n ,   m e a s u r e d   by  t h e   p r e s s u r e - f r e e   O x t r a n   1 0 0  

m e t h o d ,   d e c r e a s e s   s l i g h t l y .   By  t o t a l l y   o m i t t i n g   t h e  

s i l a n e   ( T e s t   4 ) ,   u n d e r   t h e s e   c o n d i t i o n s   a b o u t   h a l f   o f  

t he   PVA-1  can  be  made  to  r e a c t   w i t h   LDPE,  and  t h e   g a s  

t r a n s m i s s i o n   is   t h e n   a l s o   c l e a r l y   h i g h e r .   On  l e a v i n g  

ou t   t he   d i c u m y l   p e r o x i d e   (DCP)  as  w e l l   ( T e s t   5 ) ,   t h e  

s i t u a t i o n   b e c o m e s   even   w o r s e ,   bu t   in  a  m e c h a n i c a l  

LDPE/10%  PVA-1  m i x t u r e   of  t h i s   t y p e   t h e   o x y g e n  

t r a n s m i s s i o n   is  s t i l l   l o w e r   t h a n   t h a t   of  p u r e   LDPE,  

w h i c h   is   2 , 1 0 0   c m 3 / m z d .   By  u s i n g  

v i n y l t r i e t h o x y s i l a n e   (VTEO)  ( T e s t   6 ) ,   PVA-1  can  be  b o u n d  

to  LDPE  s l i g h t l y   more  e f f i c i e n t l y   t h a n   by  u s i n g  

v i n y l t r i m e t h o x y s i l a n e   (VTMO)  ( T e s t   2 ) .   The  s o l u b l e   p a r t  

is   l e s s   and  t h e   o x y g e n   t r a n s m i s s i o n   l o w e r ,   bu t   a t   t h e  

same  t i m e   t h e   m e l t   i n d e x   has  gone  down  s t r o n g l y .  

A l k o t e x   7 2 , 5   (PVA-2)   ( T e s t   7)  p r o d u c e s   s o m e w h a t   l o w e r  

o x y g e n   t r a n s m i s s i o n   r e s u l t s   t h a n   Mowiol   4 / 8 8   ( P V A - 1 )  

( T e s t   2)  a l t h o u g h   t he   d e g r e e   of  h y d r o l y s i s   ( t h e  

v i n y l a l c o h o l   c o n t e n t )   is   s o m e w h a t   l o w e r .   I t   seems  as  i f  

PVA-2  r e a c t e d   b e t t e r   w i t h   s i l a n e   ( l o w e r   s o l u b l e   p a r t   a n d  

l o w e r   m e l t   i n d e x ) .   The  d e n s i t y   (  )  is   t h e n ,   n a t u r a l l y ,  

l o w e r .   By  u s i n g   HDPE  f o r   b a s i c   p o l y m e r   ( T e s t   8 ) ,   o r  

h i g h e r   PVA-1  c o n t e n t s   ( T e s t   9 ) ,   t h e   o x y g e n   t r a n m i s s i o n  



can  be  r e d u c e d   e v e n   more .   1 .0   phr   VTMO  and  0 . 0 5 4   p h r  

DCP  a p p e a r s   to  be  e n o u g h   f o r   h i g h e r   PVA-1  c o n t e n t s   a s  

w e l l   ( s m a l l e r   s o l u b l e   p a r t ) .   S t r i k i n g   a r e   t h e   g o o d  

s t r e n g t h   c h a r a c t e r i s t i c s   of  t he   H D P E / v i n y l a c h o l o l  

s e g m e n t   mixed   p o l y m e r .  

S i n c e   t he   o x y g e n   t r a n s m i s s i o n   r e s u l t s   s t a t e d   i n  

T a b l e   2  were   no t   low  e n o u g h   w i t h   a  v i e w   to  b a r r i e r  

p l a s t i c   a p p l i c a t i o n ,   t he   same  t e c h n i q u e   was  a p p l i e d   i n  

m a k i n g   m i x t u r e s   c o n t a i n i n g   40%,  50%  and  60%  PVA-1  T a b l e  

3  shows  t h e   f o r m u l a t i o n s ,   and  t he   o b s e r v a t i o n   can  b e  

made  h e r e   t h a t   t he   b a s i c   p o l y m e r   was  LDPE  and  t h a t   a  

f a i r l y   s m a l l   amoun t   of  DCP  and  VTMO  was  u s e d ,   b e c a u s e  

t he   s h a r e   of  LDPE  of  t he   t o t a l   q u a n t i t y   was  r a t h e r  

s m a l l .   For   u se   r e f e r e n c e s ,   c o r r e s p o n d i n g   L D P E / P V A - 1  

m i x t u r e s   w i t h o u t   c h e m i c a l   b i n d i n g   were   a l s o   p r e p a r e d .  



In  T a b l e   4  is   s e e n   t h e   e f f e c t   of  h i g h   PVA-1  c o n t e n t s  

on  t h e   p r o p e r t i e s   of  e t h y l e n e / v i n y l a l c o h o l   s e g m e n t   m i x e d  

p o l y m e r   ( T e s t s   1 0 - 1 2 ) .   W i t h   i n c r e a s i n g   PVA-1  c o n t e n t s ,  

t h e   o x y g e n   t r a n s m i s s i o n   g o e s   down  v e r y   s t e e p l y   so  t h a t  

when  t h e   PVA-1  c o n t e n t   is   60%  the   o x y g e n   t r a n s m i s s i o n   o f  

t he   e t h y l e n e / v i n y l a l c o h o l   s e g m e n t   mixed   p o l y m e r  

c o r r e s p o n d s   to  t he   l e v e l   of  p o l y a m i d e - 6   (PA-6 )   ( 1 1 . 2  

c m 3 / m 2 d ) .   S i m u l t a n e o u s l y ,   t h e   m e l t   i n d e x   g o e s   d o w n ,  

and  d e n s i t y   and  s t i f f n e s s   i n c r e a s e .   In  s p i t e   of  t h e  

h i g h   PVA-1  c o n t e n t ,   t he   s o l u b l e   p a r t   is  v e r y   s m a l l   a n d  

t h e   d e g r e e   of  c r o s s - l i n k i n g   is   low.  I f ,   in  c o n t r a s t ,  

t h e   PVA-1  is   not   c h e m i c a l l y   bound  to  p o l y e t h y l e n e ,   t h e  

p r o p e r t i e s   show  no  i m p r o v e m e n t   ( T e s t s   1 3 - 1 5 ) .   T h e  

o x y g e n   t r a n s m i s s i o n   is  h i g h e r   t h a n   t h a t   of  p o l y e t h y l e n e  



and  i n c r e a s e s   w i t h   i n c r e a s i n g   PVA-1  c o n t e n t .   Then  a l s o  

t h e   m e l t   i n d e x   r e m a i n s   h i g h   and  t h e   PVA-1  i s   a l m o s t  

t o t a l l y   s o l u b l e .   W i t h   t h e   a f o r e m e n t i o n e d   m i x t u r e s ,  

c o e x t r u d e d   s t r i p s   w i t h   LDPE  (MI =   4  g / 1 0   m i n . ,  

0 . 9 2 2   g / c m 3 )   were   a l s o   r u n ,   t he   m e l t   i n d e x   b e i n g  

200°C ,   and  i t   was  f o u n d   t h a t   s a m p l e s   1 0 - 1 2   a d h e r e d   f u l l y  

to  p o l y e t h y l e n e ,   w h i l e   s a m p l e   1 3 - 1 5   had  no  a d h e s i o n .  

The  e t h y l e n e / v i n y l a l c o h o l   s e g m e n t   m i x e d   p o l y m e r   i s   a  

more  a d v a n t a g e o u s   b a r r i e r   p l a s t i c ,   in  t h i s   r e s p e c t ,   t h a n  

PA-6 ,   w h i c h   r e q u i r e s   a  s e p a r a t e   a d h e s i o n   p l a s t i c   l a y e r  

when  c o e x t r u d e d   w i t h   p o l y e t h y l e n e .  

An  e t h y l e n e / v i n y l a l c o h o l   s e g m e n t   mixed   p o l y m e r  

c o n t a i n i n g   50%  PVA-1  was  a l s o   p r o d u c e d   in  a  c o n t i n u o u s l y  

o p e r a t i n g   Buss   K o k n e a d e r   m i x e r   in  t he   m a n n e r   t h a t   50% 

LDPE  (MI  =   7 .5   g / 1 0   m i n . ,   8=  0 . 9 1 8   g / c m 3 )   and  50% 

d r i e d   PVA-1  were   mixed   as  a  d ry   mix  and  i n t r o d u c e d   i n t o  

t h e   Buss   K o k n e a d e r ,   w h i c h   had  t e m p e r a t u r e   p r o f i l e   1 8 0 ° C .  

2 1 0 ° C ,   180°C .   A f t e r   t he   f i r s t   z o n e ,   0 . 0 3   phr   DCP  a n d  

1 .0   phr   VTMO  were   i n j e c t e d .   The  e t h y l e n e / v i n y l a l c o h o l  

s e g m e n t   mixed   p o l y m e r   t h u s   o b t a i n e d   was  g r a n u l a t e d   a n d  

f rom  t h e   g r a n u l a t e   a  b low  f i l m   w i t h   100µm  t h i c k n e s s  

was  p r e p a r e d .   R e g a r d i n g   t he   p r o p e r t i e s   of  t he   f i l m  

t h e r e   may  be  o b s e r v e d   t h a t   i t   was  h o m o g e n e o u s   a n d  

t r a n s p a r e n t ,   i m p l y i n g   t h a t   LDPE  and  PVA  had  been   s o  

e f f i c i e n t l y   m i x e d ,   as  a  r e s u l t   of  g r a f t i n g ,   t h a t   t h e  



s i z e   of  s e p a r a t e   p h a s e s   was  l e s s   t h a n   t he   w a v e l e n g t h   o f  

l i g h t .   I t   may  a l s o   be  o b s e r v e d   t h a t   t he   o x y g e n  

t r a n s m i s s i o n   of  t he   b lown  f i l m   is  c o n s i d e r a b l y   l e s s   t h a n  

t h a t   of  e q u i v a l e n t   p r e s s e d   s h e e t   ( T e s t   16,  6 . 7  

c m 3 / m 2 d ) .  



1.  A  m o d i f i e d   p o l y o l e f i n ,   c h a r a c t e r i z e d   in   t h a t   i t  

c o n t a i n s   1  to  99%  p o l y o l e f i n ,   m i x e d   p o l y m e r   or  m i x t u r e  

of  p o l y o l e f i n   and  99  to  1%  p o l y v i n y l a l c o h o l   or  i t s   m i x e d  

p o l y m e r   and  t h a t   t he   p o l y o l e f i n   c o m p o n e n t   a n d  

p o l y v i n y l a l c o h o l   c o m p o n e n t   a r e   p a r t l y   or  t o t a l l y  

c h e m i c a l l y   bound   to  e a c h   o t h e r .  

2.  M o d i f i e d   p o l y o l e f i n   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   to  t he   p o l y o l e f i n   c h a i n   has  b e e n  

c o p o l y m e r i z e d ,   g r a f t e d   or  in  a n o t h e r   way  c h e m i c a l l y  

j o i n e d   a  c h e m i c a l   compound   w h i c h   r e a c t s   c h e m i c a l l y   w i t h  

p o l y v i n y l a l c o h o l .  

3.  M o d i f i e d   p o l y o l e f i n   a c c o r d i n g   to  c l a i m   1  or  2 ,  

c h a r a c t e r i z e d   in  t h a t   t he   c h e m i c a l   compound   j o i n e d   t o  

t h e   p o l y o l e f i n   c h a i n   i s   a  s i l a n e .  

4.  M o d i f i e d   p o l y o l e f i n   a c c o r d i n g   to  any  one  of  c l a i m s  

1 - 3 ,   c h a r a c t e r i z e d   in  t h a t   t he   c h e m i c a l   compound   j o i n e d  

to  t h e   p o l y o l e f i n   c h a i n   is   an  a l k o x y s i l a n e .  

5.  M o d i f i e d   p o l y a l e f i n   a c c o r d i n g   to  any  one  of  c l a i m s  

1 - 4 ,   c h a r a c t e r i z e d   in  t h a t   i t s   m e l t   i n d e x   ( 1 9 0 ° C ,   2 . 1 6  

kg)  i s   l e s s   t h a n   0 .2   g / 1 0   m i n .  



6.  P r o c e d u r e   f o r   m a n u f a c t u r i n g   m o d i f i e d   p o l y o l e f i n ,  

c h a r a c t e r i z e d   in  t h a t   i t s   m e l t   i n d e x   ( 1 9 0 ° C ,   2 . 1 6   kg)  i s  

l e s s   t h a n   0 .2   g / 1 0   m i n .  

7.  P r o c e d u r e   f o r   m a n u f a c t u r i n g   m o d i f i e d   p o l y o l e f i n ,  

c h a r a c t e r i z e d   in  t h a t   to  t h e   p o l y o l e f i n   c h a i n   i s  

c o p o l y m e r i z e d ,   g r a f t e d   or  in  a n o t h e r   way  c h e m i c a l l y  

j o i n e d   a  c h e m i c a l   compound   w h i c h   r e a c t s   c h e m i c a l l y   w i t h  

p o l y v i n y l a l c o h o l .  

8.  P r o c e d u r e   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r i z e d   in  t h t  

t h e   r e a c t i o n   is   c a r r i e d   ou t   in  t he   a b s e n c e   of  w a t e r   or  a  

c o n d e n s a t i o n   c a t a l y s t .  

9.  P r o c e d u r e   a c c o r d i n g   to  c l a i m   6  or  7,  c h a r a c t e r i z e d  

in  t h a t   1  to  99%  by  w e i g h t   of  p o l y o l e f i n ,   m ixed   p o l y m e r  

or  m i x t u r e   of  p o l y o l e f i n   and  99  to  1%  by  w e i g h t   o f  

p o l y v i n y l a l c o h o l   or  i t s   m ixed   p o l y m e r   a r e   u s e d   and  t h a t  

a f o r e m e n t i o n e d   p o l y o l e f i n   c o m p o n e n t   and  PVA  c o m p o n e n t  

a r e   p a r t l y   or  t o t a l l y   c h e m i c a l l y   bound   to  e a c h   o t h e r .  

10.  The  u s e   of  m o d i f i e d   p o l y o l e f i n   a c c o r d i n g   to  any  o n e  

of  c l a i m s   1-5  as  one  or  s e v e r a l   l a y e r s   in  a  m u l t i - p l y  

f i l m .  

11.  The  u se   of  m o d i f i e d   p o l y o l e f i n   a c c o r d i n g   to  any  o n e  

of  c l a i m s   1-5  as  e m u l s i f i e r   p o l y m e r   in  p o l y m e r   m i x t u r e s  

and  r e i n f o r c e d   p o l y m e r   c o m b i n a t i o n s   c o m p o s e d   of  p o l a r  

and  n o n - p o l a r   p o l y m e r s .  
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